1 ^ 



0 




Europalsches Patontamt 
European Patent Office 
Offlc uropgen des brevets 



© Publication number: 



0 573 862 A2 



® 



EUROPEAN PATENT APPLICATION 



(£) Application number: 93108679.7 
<§) Date of filing: 28.05.93 



© int. CI.*: C08F 10/06, C08F 297/08, 
C08F 4/645 



® Priority: 29.05.92 IT M 19 2 1337 

© Date of publication of application: 
15.12.93 Bulletin 93/50 

(S») Designated Contracting States: 
ATBEDEESFRGB rTNLPTSE 



© Applicant: Himont Incorporated 
2801 Centervllle Road 
New Castle County Delaware(US) 

© Inventor: Cecchln, Glullano 
2 via Ugo Foscolo 
1-44100 Ferrara(rT) 
Inventor: Pelllconl, Anteo 
16, via E. Fermi, 
S.M. Maddalena 
I-44030 Ro, Ferrara(IT) 
Inventor: Clarrochl, Antonio 
13, via Krasnodar 
1-44100 Ferrara(IT) 
Inventor: Ferrari, Paolo 
V 24A via Scandlana 
1 1-44100 Ferrara(IT) 



t 



©^ Representative: Zumsteln, Fritz, Dr. et al 
^Patentanwalte, 
Dr. F. Zumsteln, 
Dlpl.-lng. F. Kllngselsen, 
BrSuhausstrasse 4 
D-80331 MUnchen (DE) 



© Crystalline polymers of propylene having Improved processability in the molten state and process 
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© Crystalline polymers and copolymers of propylene having total MIL values > 2 g/10 minutes, total fo] valu s 
in tetrahydronaphthalene at 135°C 3 2.8 dl/g, Mw/Mn values > 20, a fraction insoluble in xylene at 25°C 94, 
and comprising from 10 to 60% by weight of a fraction (A) having M £ 2.6. are prepared by way of sequential 
polymerization in at least two stages, in the presence of particular Ziegler-Natta catalysts supported on 
magnesium halides. 

Said polymers have high melt strength, high mechanical properties, and are particularly adequate for the 
manufacture of articles by using various conversion technologies, such as for example extrusion in thin sheets to 
be subjected to thermoforming. as well as for injection molding, and blow molding. 
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— "*rh'o present invention concerns crystalline* polymers and copolymers of propylene having improved 
processabiiity in th molten state/' anij the process for : tiietr preparation. ' ■ ' * : ' 

By Virtue of the 'high' melt' index values : '(MIL), high melt strength, and their "valued mechanical 
properties, tfie polymers of the present invention are particularly adequate for the extrusion of thin sheets to 

s be subjected to thermoforming, as weil as for infection molding and blow molding processes* *' : 

it is known that, thanks to the high stereo*specificity levels reached by the Ziegler-Natta catalysts, today 
"one can prepare crystalline polymers and' copolymers of propylene 'having high mechanical properties, and, 
therefore /adequate for the manufacture of articles with good rigidity and mechanical resistance, even if they 
are small and thin. However trie 'commonly used propylene polymers show- low levels of melt strength, i.e., 

10 viscoelasticity in the molten state,' vv'iictv cause an irregular 'deformation- of the melted mass duVing the 
c conversion processes with the subset, ent problems related to woi^abilityf- Ir the'' case of blow moidirig the 
ldw ; melt strength can causer for example, a col!cipse r ofthVp.*eform and thickness irregularities. It is foiown 
that the melt strength of propylene polymers can be significantly improved by widening the molecular 
weight distribution (MWD) of said polymers. ' • ^ * -^-* r 

is ' For example, according- to publishob Q'uropr v :V patent n. -98077; one can obtain propylene polymers 
having high rigidity and : viscoelasticity in themoK Estate by way 'of- a sequential' polymerisation process in 
<he presence of particular catalysts bcsed or* n6t ' Sported ! T;Cl3 : - 'According- \o said process, one' produces 

- * f from 35 to- 65% by weight of a-fractic:*/ having at rtively high-intiirisic=Vi»:osity t and from 65 to 35% by 

weight of a fraction having a lower intrinsic viscosity alu3, by cperiiingMn sajparate and subsequent stages. 
20 The * viscosities in the single stages ai : ' rigulatod 1 by -the' opportune dosing of the molecular weight 
regulating agent (hydrogen). Thy drfforenco between : tlie two intrinsic ViscoVrties ranges from 3 to 8.5. Even 
rf the MWD values for the polymers thus obtained Pare not reported, it is reasonable to ^assume that the 
■•"WWD \i wider c with respect to the brio siiat can be obtained from a polymerisation carried out at constant 

- concentration of ^the- molecular weight regulattiy agent" since -the iwo Ira^'ons mist- have molecular weights 
25 shifted towards difierbht values. 2 * jiC : r * *| t -Y^i, . - - - ~ : , . 

However, as clearly Indicated in the 'description bf^the'abbve'morrtio'ned "European application, the Melt 
-Index of the polym©rs ; thus obtained Cannot exceed -2 Trf one wants to avofcrsagging phenomena during the 
thermoforming of the- st'ieeti-cbtaihed^fron^said' pblyr-rters: ^ • * > 

Obviously,. this r limitation presents' a great disadvantage; because Melt Iridex'vaiues that low restrict the 
30 application to a limited-number of techtfoloiieSi fay sl&wing down animating more -difficult the process. 

- • rUSA paient h- 4,97Gj260,' describes- u grocer >/fbr tho production' of propylene polymers having high 
viscoelasticity in the* -molten 'state,- whtei/^rof is 'also comprises muKSple? stages where, by proper 
regulation o? the- molecular weight reguJito^y Z' jl/jeVi); orfe can produce polymer ^fractions having different 
'Melh index values:- : -" • ^ii' r>; -.: ier. j*--; a^ za-y:-. y.** -; y > : -sr-*". ^ :\ ■ h 

35" ^Tne.Catalyst-usSd in the etfcarnpl^i© '! i "nonsupported TiCb; Land thVirii proved processabiiity is J 

^ attributed to. a S/itier 'MWDrThe : ('d£&c£-p& i^ lw jns that 1 the Melt Index" of the? polymers obtained in this 
-nimsfrnSrrcan vary from 0.01 to TOOVbut-ic K cfS|;^i..od"^th£t-th^ polymers to ibsTus$sd~f or "the thermoforming of 
sheets must have a Melt Index value ranging from <Gf05itb 10, "fJr^feVably 'from 0:itef5. In the* examples, the 
c - r c meii«;ihd^x values &re nfit : higher than 0.67> for ■* thd spropy tehe homoptJly nrters}' und~ 1 1S for thfe copolymers 
40 'Containing 7 ethylene. T..V- ».« a ; ;\& : \ z> ric**j. .^l- i'cacr^'.-^f r-; ' ; ' • 

^^c FGAthe^puipose^of verificationv tfie f Applicant ha^^ prepared poiyniersvwitr.-a wide MWD using catalysts 
: - baised oh "not" supported -TiCl3 (operating vvith.tWb' pOiymerizatior. ^ round that at relatively^ low 

'"i*Meiriridex : Va*ues, ^ said polymers are very brittle/ - rc^': ,\3*\ ^- ^ j n 

< : -" Therefore, itris obvious that" by using catalysts based on hot* Supported TiGI 5 ' one* does not obtain- good 
45 ' remits at high'Melt Index and wids- MWD values:* ■■* , ; r. r ^ ? 

The objoctive ^ of tlie present tnventioh, therefore, cannot be ;fe"2ch6dr . y ^ : 

^ It is also known, from Japan^se^ Kbkai patent application n. "59-1 -72,597, *lhat^ crystalline poiymers of 
propylene with wide MWD, having good processabiiity, and excellent* mechanical characteristics, can be 

* obtained by 1 way of sequential polymerization jn the presence of high-yield Ziegler-Natta catalysts sup- 
so ■ ported- on magnesium halides. Accofdingv to the^ process described in'-the :above patent application, by 

operating in separate^ and consecutive ^stages, :from 35 to 65% : by weight of a fraction having an intrinsic 
viscosity from 1.8 to. -10 dl/g, and from 35 to 65% by weight of a fraction having an intrinsic viscosity. from 
' 0.6 to 1.2 dl/g are produced. According to the : description, the' polymer thus obtained;can -have a MWD, In 
terms of Mw/Mn, ranging. from 6 to 20; in the examples, the maximum Mw/Mn value is 1 1.2. v. . -. t 
55 In th above patent application no Melt Index values^are given; however; one can deduce 'from* the* low . 

spiral flow values? that the; processabiiity of the poiym rs.is r not particularly good.- ? . 

The Applicant has* new.* found that by using particular Ziegler-Nattarhigh- yield catalysts supported on 

* magnesium halides ori§ -can. prepare; by way of sequential polymerization in two or more stages, crystalline 
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, polymers and copolymers, of propylene having -iyiw^p-. values, measured by.- way qf^gel- permeation 
chromatography" (G.P.C.), higher than 20.. elevated Mel^lr^Jex^vaiues (MIL according .to^ASTM O^ 1^33). : and 

. c excellent mechanical ., prgqerties. Thanks, to the above h^ A^/Mn. and v MIL valuer, the polymers of the 
present invention, as ,p/^viously; stated, : have better prpc^ss^bility, in the mo lten ; state., Therefore, object of 
5 the present invention are -crystalline polymers and copolynnerStOf .-propylene haying tptal MIL values > 2. 
g/10 minirtes. ^f^er^bl^/from 3 to-50. mora preferably Storey 3, to 30. values of total f»j] in tetrahydronaph- 
thalene at 135°C, ^g.Sdi/g, preferably, from 2.1 to 1,10..mofe preferably from 2.1 to 1,26. Mw/Mn values > 
20, eleven greata/ r than.^O, generally from 21- to 50\ preferably not oyer .40, a fraction insoluble in xylene at 
25°.C 2: 94. preferably 96, apc^cc^mr^jsing frqtn .10^0^60% v pre4erablyrfrora,25 to 60%. more-preferably 
io / frqrn,i3p tp je 5p% kY r weight. : of a- fjF£Gtioft<A) having £6.« jKefejfttyy ? ix>, particularly -from 4 to 9;._ \ 

, saidj.polyrners and copolymers fl^ r ^/ m QduJus values, 6^ *Q 2700 5 Mj?a, Izqd at<23°C t from 

i I5 r: tpu10d f pj^ferably-.frpinr-SQ.-ito'l^ J^m t -yi9ld;Stress from, 35 tp t ^^Npa : {details on^he methods used will 

be,,gM^ v'-.v ^. -.^ ~r iz- ?- rs^x, o ^\\?q- , s .?. . r- r . ■'• 

The remaining fraction of the polymers and copolymers pt JhQ,:present invention is selected in-such a 
75 , way, as to ( have the values of : total MIL^total fak«and frW&oo jreqlubie |n xylene at 25°C set forth, above. 

: : : /,\ATiJhin : the, (^inition^f.the^gce^qnt invention ^^^.particular., crystalline polymers and copolymers of 
-pfopy'epe pomprisipg thejaboye : frac,tior>'iA)^arycJ , ffy-^ AQ t to, 90^ by weight, preferably from 40 ^>t75%, 
^rru)re;^ (B) 4;#ng MHL£ 5ft^referably £ 1Q0,,.in pafdcularfrorn 100 

to lOOO^apd.i^ v . v .-v, * . ~, - . a \ , ? 

20 , :> The abovfl fraction (AJcrgenefaily has MIL vajue^jowj^ t^n GJ^ preferably lower than. 0.1, but since 

such tow Mil,, yalu§s ^re c dit^ujt to c measure, exactly^ Jt v & p&te&bte-, forTsaid ^fraction (% to refer to the " * 

-intrinsic viscosity [jj-ln tet^ydronaphthalene at 136*^ Vc-. e *1* ?: . \ * ■ v. % : • " , - rA : "* 3 
^- .Besides c.^ in ;paj£cujar the isotactie pr^ainfy ssotsctic 

homopolymers, the defintfion oj.the .prespnt irjyeqtio/i aifjp^refers, to : the copolymers of prppyJene with ^ 
25 ethylene and/or superior a-o!efins t preferably Ci-Cs. in quantities preferably .ranging from.Q.S to 6% by*; 
weight, more prefer?bly from 2 tq 6%by;,weight with respect tothe total cqpolyrner.v * ^ '-,<••' 

Examptes -qi c* -cs. : er;p[efins,rare ,4 rbutene; 1-pentene; 4rhQx^nei 4-nnethylrlTpentene; 1-octere. The 
above copolymers have more clarity and a loweemelt point.tbafijteliomo _ ;v * ^ v*t 2 

v U is also possi.ble£to,add;yartous types of -add&ves »tq the.rpglymers of the^present inyention.v.such as, > r. 

30 for example, stabilises nucleatjtfig-.a^etnts.Apigments, app; fiilef^Gomropnly .used for polymery of olefins.^ * ■ j 
f ■ Hn .par^uter. ihe^addition:ofcnuG!ea^ng:agent^^^^^ in important § 

phyjsicaf-mechaniejalf properties, such asr^lexural m^cjwsp iat^distortion temperature (HDT).. yield .stress, ^ 
^artd clarity ^.TypicaHy.nh© HDT^ values of the polymerj nbVn pre^eQtinyen^on are hicjher-than M 0?G at 455 
KPa in the absence of additives (in the best cases the ^ f jher than 120°C), and can-eyern exceed V30°C 
35 in* the pre^erice of nucleating agents. Typica^empptej ^a^leaUng; agents are; the.p-tert.rJbiityl benzoate,.:; 
-. and-tbe^.a,and 2;4 dibenzyiidenesorbitol. Qene^l^-^^neoit ^Stb^ter: if the nucleating agent&are added 
; tp^therpplymers of thee present i.nyentiqnyin quaiitftiedit»aDf(ffigiftom^Q.0.5! to 2% by iweight, and preferably 
from 50:4 "IObT%. by weightiwita resjfisctte tjie polymSGBfno^V er t ir^f. 'r..v vor r ?N- - . >r* r :n *r> 
- -^The- additiQn of rinor§anja^fiHetSi:such as. tqlqi^teHjmpCarbqnate.'-a*^ ^inwalvfi^^ 
40 an improvement to some mechanical properties, such as flexurai modulus and HDT. The. talc, can- also. have 
a ; nucjeiating effect. Jn^proWtosimprpye -the ,J^qop0iQfc*8ffejert the 
.balance between flexurai i^pduJuj5 .aodihi^eJ' qf..the;;pres.ent,inventiQn:qan .also 

comprise opportune amounts of olefinic elastomers. Said elastomers-can be- prepared separatelyrand added 
to. the crystalline po^mers: or copolymers^ defined aboye py-way of blending in the molten ^tate, err may be 
45 prepared directly in synthesis using an additional polymerisation, 'sjage. Ini general, oletiniq elastomers are*, 
the ones commonly used to confer* *B9tter impact resistance, to .polyolefina; however, in- the case of the 
. polymers^ of the.spcesent inventton^ the resort is; a particularly^ good - balance between .rigidity ((flexurai 
modulus). and lmpact resistanoe (Izod)? ■ * : *co v : . ? - "» 

* Examples *of^the above 'olefirfic elastomers ^are ethylanerpropylene copclymersocqntaining from 30 to 
so 85% in .moles ;of, : t ethy|e J ne c-(EPR rubbers), where optionally^ a. portion from > 5 to .;1 5% in moles of the. 
propylene Js -.substituted by CtrGs ' superior^a-olefins- (specific .examples are,;1 -butene; 1 rpentene, 1 -hexene, 
4-methyM,-pentene). Other - examples f of • elastomers aro ethylene-propylene-diene . terpolymers (EPDM 
rubbers) containing from -30;to\85% in. moles of ethylen r:and^ from 0.5 tCn.;10.%^in moles.of diene.vand 
where as for the above mentioned EPR.. a. portion -,raoQing- from 5 to 15% in rrtoles^; of the propylene can be 
55 substituted by O4-C8 superior a-olefins.. . Preferred examples :Of dienes^fon ther.ERDMv rubbers are: 1,4r 
hexadiene; dicyclopentadiene; ^2-ethyliclena-5TnoTbornene.; Generally speakrng^-olelinic elastomers can be 
present ,in the polymers and. copolymers of the pr sent invention; in quantities* ranging from 2 . to 50% by 
weight, with respect to the weight .61 said polymers and copolymers; -preferably from .5 to 20%, more 
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; " preferably from 5 to 15%. " ^ - l *' ,f ' - ' * - • 

As previously stated*, the crystalline polymers T : and\copolym rs of the pr Wnt "invention can be prepared 
by way of polymerization 'processes based on the use of particular Ziegler-Natta catalysts. /*'.'* 
. Said catalysts contain, as essentia) element, a solid catalyst component (a) comprising a .titanium 
s compound haying at ie'a&t one' titaniurirv-halogeh bond, and an electrdn-dohbr compound, both supported on" 
a magnesium halide in active form, and are characterized by 'the fact that'* they are capable of producing 
propylene polymers with a content of fraction insoluble in xylene at 25°C 'higher tnan or equal to 94% by 
' weight, preferably ^higher than or. /egu^ to 96%. Moreover, said catalysts must have a sensitivity to 
* rholecular weight regulators (particularly hydrogen), high "enough to produce polypropylene in a'MIL range 
io 1 'comprised between values lower" than or' equal to^0.5 (i e., 'in terms'" of h], values higher "than or equal to 
2,6), and higher than or equal to 50 g[/1 0 min.. preferably ^highe? th^ br equal to 100. particularly ; from 100 
to 1609 g/10'min. The catalysts' used in the process, of the 'preserve invention; therefore/ are obtained by 
contacting: • " - - ' " -- - ' ■ : - <- • -r.i ; .y '* . 

(a) the above mentioned solid catalyst component; ' v; 
is (b) an AJ-alkyl compound; r v;v.:- , * ^ ... _ . - . t r v . • i: . - 

f (c) ah external eiectron-dorior compound? ' : ' " r ' 

■'' Solid catalyst components (a)' having the above mentioned .characteristics are weli known in' 'patent 
literature. *' * 

Particularly suited are the solid catalyst components used in the catalysts described in US P* 4,339,054, 
20 and European patent n. 45.977. Other examples are set forth in USP 4.472.524. 

In general, the solid catalyst components used in said catalysts comprise; as electron-donor com- 
pounds, compounds selected from the ethers, ketones, lactones, compounds containing N, P, and/or S 
atoms, and esters of mono- and dicarboxylic acids. 

Particularly suited are the esters of phthaTic acid! such £s diisobutyl, dioctyl and diphenyl phthalate, and 
25 benzylbutyl phthalate; the esters of malonic acid such as diisobutyl and diethyl malonate; the alkyl and aryl 
pivalates. the alkyl. cyctoaikyl and aryl maleates, alkyl and aryl carbonates such as diisobutyl carbonate, 
ethyl phenyl carbonate, and diphenyl carbonate; the esters of succinic acid such as mono and diethyl 
succinate. 

The preparation of the above mentioned catalyst components is carried out 'according to* various 
30 methods. 

For example, the magnesium halide (anhydrous, i.e.. containing less than 1% of water), the titanium 
compound, and the electron-donor compound can be milled under conditions where the magnesium halide 
is activated; the milled product is r thcji # treated on^orjpore tiroes with an excess of TiCU at temperatures 
from 80 to 135°C. after which it \i washed repeatedly with a hydrocarbon (hexane, for example) until all the 
35 chlorine ions have disappeared. 

According to another method, the anhydrous magnesium halide is preactivated according to known 
methods, and then caused to react with an excess of TiCU containing the electron-donor compound in 
solution. Here again the operation takes place at ^mperatures ranging from 80°C and 135°C. Optionally, the 
treatment with TiCU is repeated, and the solid washed with hexane, or another hydrocarbon solvent, in 
40 order to eliminate all traces of nonreacted TiCl*. 1 ->* J -. 

According to another method, a MgCfe.nROH adduct (in particular under the form of spheroidal 
particles), where n is generally comprised from 1 and 3, and ROH is ethanol, butanol, or isobutanol, is 
caused to react with an excess of TICU containing the electron-abhor compound in solutiori.' The 
\ -temperature generally ranges from 80°Cto 12~6°e. the solid Is theh isolated and caused'to react orice more 
4o J with the TiCU* -after' which if is : sep^t#d and* watsfied with' a -hydrocarbon until ; all chlorine ions have* 
disappeared? ' : ' ' " ' "* v '- : ' - ^ ' r: v;.;: " ;i n^'"' . . '* ' < 

; ' According to another methotf,' magnesium alcoholateS and chforoiiicdHblates (particulairly the chloroal- 
cohofates prepared 'a&ordimj ^ descrtrjed in'iiS^t6lrit"A%^554)^ daused to react with an 

excess of TICU containing the electt'on-ddrTor com under the reaction conditions 

so '* already described: *' V - v -" ' ■■ :r \- **. • * ■: .* \ -•<,.*■'.-.- 

In the solid' catalyst cc^tJorient-Xa), the titanium dompbu'hct expressed- as Ti is generally present in a 
. percentage ranging from t).^ to* 10% "by weighi; The quartitV r df' electron-donor compound which remains 
fixed on the solid (^mpohent (int&rnardohor); generally ranges from 5 : t6 20% ih moles with respect to the 
; magnesium dihalider- : i r - r - ^ < • \. K - . r _ 

55 The titanium compounds vvKich can b used for the prepafatfdh of the solid catalyst component (a) are 
the halides and the fi'ard^eri' alcoholates. Tffariium tetrachloride is the preferred compound. * - ' * " 
Satisfactory results'cari be obtained also with titanium trih&lides, particularly- TiCI 3 HR, T1CI 3 ARA or with 
v ' haloalcohoiates such as TiClaOR where R is a phenyl radical.' ^ ' ■ r 
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The reactions indicated abov bring to the formation of magnesium halide in active-form. Besid s these 
reactions, other reactions are known in the literature which cause t the formation of activated magnesium 
J "" halide starting from Vnagnesiu^ carboxylates of.magnesium. 

forexample. " * ' " . / . . \\ .* . 

5 _ . The active form /of Jthe magnesium halides, in the catalyst components, (a) can be recognized by the fact 
that. in the ^-/ay. speqtrum of the .catalyst component the maximum ^ intensi^.jVefiection. c wJiich appears in the 
spectrum of the np r na1ctjvated magnesium chloride. (haying, a surface area .smaller than 3 m 2 /g), 'is no longer 
presept but in its place^there is.^halo^vith.the maw respect to the. position of the 

maximum intensity reflection of, the nonactivated magnesium'dlhalijje, ( or by the fact that the maximum 
;o ! Intensity reflection .shp>vf a half peak breadth at least M^greater^ffian' the one of th§ maximum intensity 
. rejection wh^ ~ "1 ..." - ; - 

." T n e rnpst a^ye fpmis.TO .thd?^ the, component 

Among the magnesium halides, the chloride is* the preferred compound.' In the case of the. most active 
forms of magnesium chloride, the X-ray spectrum ? gt .the. .catalyst, component shows, a halo instead of the 
75 reflection which in the spectrum of the nonactivated chloride appears at a distance of 2.56. A. 

The Al-alkyl compounds (b) used as co-catalysts comprise, the Alrtrialkyls, such as Alrtriethyl, Al- 
^ triisobutyl. Al-tri-n-butyl, and linear or cyclic .^-all^l.cqmppunds'^ bonded 
by way of O or N atoms, or SO* arid SOa groups. " 

Examoles of these compounds are: , — *z 



20 



25 



30 



(ChHsh AI-O-AI^Hsfc 



(CaHsJa AI-SO2.-AKG2 Hs> 



:. -r. h 



■-- ■ "> " • ft ch^ csi- : G«^^aaf(<sH r)V ; ■'' ;- " i -"' Al;M,s • . 

!- ' 1 pVL*-.-:^ . ?s-. vc- "i ...t.'-'^fim 2uo"Jbvrjn?v /o v ^- ' -.orv* '.f k ^.y^r^ 

: ■ 1- ^c*^ r* ,f.;vo ! ,; ,tn-:":-.1 l : v i -ztya'x biles : &ru S/ev t ^: - :; 

.- where n is a number, from t : to ?o.n : - vi . ^ f - v . . , > .-c ; V : x 

TTie Al-alkyl compound is generally used. in such quantities that the Al/Ti. ratio ranoes. frorri .1. t to^t QQO. In 

45 addition to the jsolid catajy^ (a)- and. the ^J-alkyK expound the , catalysts used tJ in the 

process of the present invention comprise an external electron-^donor compound (c) (i-e., an electron-donor 
added to the : >Bj-alkyl cqm pound). Said external eleptrqn-donor cpm pound is selected from siianes capable 
of conferring to the ca^^;j^o L ^pyQ-me^pned levels -.of ^ereosr^clficity (determined, by the high content 
.of fraction insoluble jn xylene »t 25°C) -and sensitivity to.the.mpSecuter^weiphi regulator. ^ 

so Suitable for this purpose are trie siianes containing at least one cyclopentyl group t bondejd £o the silicon, 
. and one or more -OR grc>ups 5 also honded. to the silicoa atom, where R js -a Ci -^t s .alkvi ca-ci a cycloalky I, 
C6-c 18 aryl, or C 7 -Ct8 ara'kyl radical. Preferably RJs methyl , or ethyj. Particularly suited is. the dicyclopentyl- 
dlmethoxysilane JDCPMS). The- above mentione.d external donors are. general in quantities ranging 

from 0.001 to 15 moles, preferably from 1 to 10 moles with respect to the moles of Al-alkyl compound (b). 

55 Therefqre, another object of ^th ^ present invention is- a process for- the, preparation of the^. crystalline 
polymers and copolymers of propylene, described above, comprising the polymerization of monomers in the 
^presence of the abpve :catalysts^ wherein the ; polymerization,. occurs in^ et-Ieast two stages, preparing 
fractions (A) and (B) in separate and consecutive stages, and operating In each stage In the presence : of the 
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polymer and the catalyst coming from the preceding stage. ' ~ 

The polymerization process can b carried out in batch 'or in contiguous; according to known 
techniques, operating in liquid phas in the presence or not of an inert diluent, or in'gas phase, or liquid-gas 
phase. 

It is preferable to operate in gas phase. ; ?v * 

Reaction times and temperatures areTiqt critiqalr;however; the temperature preferably ranges from 20°C 
to 100°C. _ . _ L\/V_! \ 

As previously stated the regulation: of the . molecular weight? is>- dona * by. using known regulators, 
particularly hydrogen. . • c: .u r v,. r * ''■ 

By properly dosing the concentration of the molecular weight- mgulator-: in the various stages, one 
obtains the fo] and MIL values previously d^ribed for(A)~and,tB)," t : V7"^T~ - ' 

Preferably, one prepares first fraction " (A) and; then frfi^fidn ^(6). jEEach of the. two fractions can be 
prepared in multiple polymerization stages..' . \ \ ^ ' - (r: 

The catalysts can be precorttacted wftfTsmail., quantities of ole^ris ^prepolynSerization). Prepofymeriza- 
tion improves both catalyst. actiyjty^and ;'**'* 

The prepolymerization is cafriedvout maintaining the catalyst in suspension* in,a hydrocarbon solvent 
(hexane or Keptano, for example), and it is polymerized between room temperature and 60°C for a period of 
time which is sufficient to produce a quantity of polymer ranging f$oni 0.5 to 3 time* the weight of the solid 
component rt can also be carried out in liquid propylene under the- above indicated temperature conditions, 
and producing quantities of polymer that can reach 1000 g per g of catalyst component 

The fojlowingexamples aire given in order to illustrate and not limit the present invention. 

General proce ss for the preparation of ^tKe" catalyst.' ' 1 ' J 1 1 r J ■ ■ ' 

The solid catalyst component (a) used in the examples is prepared as follows. 

In inert atmosphere one introduces in a reactor equipped with agitator 28.4 g of MgCfe, 4J-.5 'g of 
anhydrous ethanol, 100 ml of ROL OB/30 vaseline oil, 100 ml of silicon oil haying a viscosity of 350 cs, and 
the content is heated to 120°C urtef the" MgCfe' is dissolved. ~Th'e not7ea&ioh mix is then transferred to a 
1500 ml vessel containing 150 ml of vaseline oil and 150 ml of silicon oil, and equipped with an Ultra Turrax 
t-45 agitator. The temperature Is maintained at ^tf^Cwhile the content is stirred for 3' minutes at 3000 ipm. 
The mixture is then^dischargecl ihto' k 2 * liter Vessel e'qaipped 'with agitator arid' Containing ftbcTml of 
atihydrous n-heptane" cooled to 0°e/ The particle^ obtained are recovered by filtration, washed with 500 ml 
aii^upts\ot'n-hexane. and o>^uBlfy<fe^ to° 160 6 C in nitrogen flow, thus 

obtaining a' decrease in aicohof contlht^rom;-3 mbleVtoj 2.1'"moles % per mole of 'tlg'Cb. 25 : gf of the adfluct 
thus obtained are transferred 1 in ! a Feactbr eqB^'ped'with "agitator and c6nt^nih : g 625 Snhof TTCt*, v at 0°C, 
under agiiation. heating it to l6d"C v iii tne : 3pae^ uf^bne'ribur. '* V^en-'thV teniperaffi 4o°6 ohVadds 

enough diisobutyl phthalate to bring the magnesib'W/^TiW^dt^mbiariktio td fe: * ^ - ' ' r - * ' ~ 

The content of the reactor is heated to 100°C for two hours while stirring, and then the solid is allowed 
to settle. The hot liquid is syphoned out. One adds 550 ml of TiCU and the mixturVis Heated to 120°C for 
one hour while. stirring. Said stirring is interrupted^ and the solid I alfpwed to settle. The liquid is syphoned 
hot, 'tfieif ttie : s6licf' > is r washed 6 times -wf#2(if> m\-<k .n : hexaHe* at 8b°6 eacrf'time/ arid then three times at 
^arnbierif temperature: H * -U™-**^" wto&^pos =TVc - H -erj-r.cw V. 

' it- . ■ i v, tOT i V— ,>V ::fji^-p h r \;l :v > ".. 

EX AMPtES i ahd 2 " - : ,; *- 5 13 **""■ : - "" > *'- * * ^ - ^« 

^The pplymeriziatidrt is carried out in' continuous in a seri^^OT'rekctors^e^uipped*^ devices for the 
transfer of' the product coming from the reactor imrriediately'precetfifTg to th§ one immediately following. 

In gas phase the hydrogen and the monomer are analyzed in continuous and fed in such a manner that 
the desired concentrations will be maintained constant. 

In the following polymerization runs, a mixture of triethylaluminum (TEAL) activator and dicyclopentyl- 
dimethoxisilane electron-donor (the TEAL/silane weight ratio is shown in table 1) is contacted with the solid 
catalyst component in a container at 40°C for 1 3 minutes, in such a way that the TEAL/Ti molar ratio is 80. 

The catalyst is then transferred to a reactor containing an excess of liquid propylen , and prepolymeriz- 
ed at 20°C for a period ranging from 1 .5 to 2 minutes ca. 

The prepolymer is then transferred in another reactor where the polymerization occurs in gas phase to 
form fraction (A). 

Th product of the above reactor is fed to the second reactor in gas phas and ventually the product 
of the second reactor is fed Into a third reactor in gas phase to form fraction (B). 
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The starting products and relative operating j conditions, are shown Jn Table, 1 A; .the results .of. the 
polymerization tests ^are , shown in Table IB., . ^ ' 1 ' J ~- . 

."V The JollowirVg^analYfc 



10 



75 



30. 



35 



20 



25 



Property 


Method * , ^ - ' : = - 


- MIL 


"AStM 0 1238^ ' 1 ' 


- [tj] intrinsic "viscosRy * 

- Insolubis in ^iene " ^ 


tOetem iineti in fetrahydronaphthafen^ at 
135°C (see note that follows) % " * 


i% * Flexural modulus ,at Z23,tC 

- Stress at yield and break ' 

- Notched, teod impact test v . 

- HDT ^t'455 Kpa 1 '\ 


a'stm D^9o^.i; ^ ^ ' 

ASTM D 63JB, test velocity 50 jTim/min. . 
ASTM DJ256/A ~ / ~ /' 


• : MW/Wfl- -c :* ci- ? 
-:Melt TehsioiVTe^r (MTn, g 


-'Measured by way tff Gel Permeation 
'Chromatography (see note thai follows). 



The samples to be .subjected to the various physicjal-m^chariical detehpjnations have been molded from 
material which was stabilized with I RGANOX 10fd (6.1% 'by weight) b and BHT (2,6^i-tert-butyl-p-cresol) 
(0.1% by weight), and then pelletized with a single-screw^ Bandera ,.extrudfjr (diameter of the cylinder 30 
mm), at 210 °C using a Negri & Bossi 90 injection press;— : ~ - 1 

vDETERMINATIp^.OFJHE , ^\,, '. s * ' -;Vv ^ . 

f 2.5 g of polymer are dissolved in 250 ml of xylene at 135fCund§r agitation After ,20 ; minutes the solution is. 
allowed to'cpol to 25?jC. still .under agitation^ and then ^ojwed to settle, for 30 minutes. - . . ^ 
r. 7 The. precipitate is filtered vrith fljter.paper;,.^ in nitrpgen..fIow ( and the, residue 

rdripci under. yacuum-at A 80°C untiLcpn^ant,Weight J^ one calculates the.percent by weight of 

pojymer insoluble in, xylene, at r ,anibient : ^mperata b>y weight .of polymer insoluble 

in xyleneVaiarnbienf tempBratureJs considered (thejj^jijtagtic indexfof.thp poly rjner,. The. yalue.tfiujs ; obtained,; 
corresponds, b^ically-,tq £ t^ deterr^rje^ f^yyjayr.^ extraction in t boiling n-heptene, -which by 

definition constitutes the isc^actir: index of Pplyptapylftjfg^^p^ ; ,, r * ^'^v is ' *. - u • u >-r> 

: MELT TENSION TEST . 



40 



45 



. ; Trje app:aratus i: us^^;is;% TE^EPcprcd^ 
equipped with Personal Computer for data acquisition and processing; the method consists, of measuring in 
grams the tension offered by a strand of molten polymer stretched at a specific pre-set stretch ratio. 

In particular, by operating with the above mentioned apparatus, the polymer to be examined is extruded 
at 200°Cthrough a capillary 8 mm long and 1 mm in diameter; the strand is then subjected to"stretching t art 
pre-set stretch ;atios .(^O0..or.2OQ;U^ system.,with a constent .acceleratipn otO^ crrvjsec 2 . The 

tension resulting from" Jhe s above ^rawing is measur.ed, 0n.r9i- /The.higher^the^ension, the higher the melt 
strength./ u . ^ - -.cxy.:? ~z --\ '^z i.r 



so. 



*l ^ 
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.JTABLE . 1A . „ . , _ . ... 



5 

EXAMPLE ' ~r '"' *' ' ' '' "i" 



10 


TEAL/Silane (weight) 
FIRST REACTOR IN GAS PHASE 


2,6 


2.8 

•- « 


15 


Temperature , °C 


80 


80 

'V * ' 

•„.' I> ■ T 




Pressure, a tin 


24 


24 r 


20 


Residence tine, min 


, 53.6 


30 




H 2 /C 3 (mol) 


; ;:> ; i£>.00.0v V;.;-. " * . 


. OtOOO 




SECOND REACTOR IN GAS PHASE 






25 


Temperature, °C 


80 


v eo r 




Pressure, atm . o> 




: 24 ^ 


30 


Residence time, min — 1 " : - e *- * - ; 


oo • o 


100 




H 2 /C 3 (mol) * ;; 


r ;> 0.299 " 


0.500 




THIRD REACTOR IN GAS PHASE 


. .*i * ^ ■. ! r 




35 


Temperature, °C 


80 






Pressure, atm 


23 




40 


Residence time, min 


51.3 

r,* iH >• :v * 




45 


H 2 /C 3 (mol) 


0.491 










50 


c , ■ V.;- "•**.-• "J . ~* ' v »"1 j*"^ 


u it** 2* .j :-: ■ s,v • .. . . ; - 


r • .- - 


55 


..iv. M . ;, * z- r . " ^ *'??. 
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TABLE IB 



EXAMPLE 




1 


2 


FIRST REACTOR IN GAS PHASE 








MIL, g/10 min. 






— — 


[t, ] / dl/g 




4 . 87 
43.3 


4.26 


Polymer produced, % by weight 




33.7 


SECOND REACTOR IN GAS PHASE 








MIL, g/10 min. 




190 


500 


[Ti] , dl/g 




0.736 


0.54 


Polymer produced, % by weight 




33.2 


66.3 


THIRD REACTOR IK GAS PHASE 








MIL, g/10 min. S 




' 4S?Q 


-, -* ' » * *; - ' • " 


Cn3r dl/g - 




0.514 




Polymer produced, »% by weight 




23.5 r: 


,7.0 ^ ■■-.«; 


CHARACTERIZATION OF THE TOTAL POLYMER 






Insoluble in xylene, % by weight 




97.3 




MIL, g/10 min. 




( . J3.3, . 


T ., -.- ... -15-., 


[tl ] , dl/g 




1.98 r . 




Flexural modulus, MPa 




2330 


2500 


Stress at yield, MPa 




38.3 


39 


* ■ . JL. V 

Stress at break, MPa 




24. 5 


37 


Izod, J/m 




40 


r ~. 

20 


HOT, °C - - - - - ~ 




- 117.5 


- 118 


Mw/Mn 




21.8 


26 


MTT* , g 




2.98 


1.17 



*Stretch ratio = 100 



In example 1 the fraction (B) is produced in the second and third reactors In gas phase. 

In fact, the fol and MIL values calculated considering the sum of the polymers prepared in the second 
and third reactors in gas phaso. are r spectively 0.64 and 321 . 
In Example 2 the fraction (B) is produced in the second reactor in gas phase. 
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EXAMPLES 3 and 4 * 

In a 22 liter autoclave equipped with helicoidai agitator and a water/steam operated temperature 
regulating jacket,- are fed 7 kg of propylene at rm*- : ~nt*tompcraturo. 

5 Then one introduces 0.1915 g (Example 3) anc \243B g (Example 4) of a cat»'vst component prepared 
as described above, together with 6.52 g of triethyl ^umihum. and 39 g of dicyciw entyl dimethoxysilane. 
precontacted with the catalyst component for 10 minutes at room temperature in *0 -rnl of hexane. The 
autoclave is brought to polymerization temperature in about 7-8 minutes, and the poi nerization continues 
for the time necessary to produce the desired quantity of fraction (A) (first stage of. polymerization)^ 

70 Once the first stage is completed, the hydrogon is introduced in the proper quantity, and the 
polymerization continues for the timo necessary to produce the desired quantity ef fraction (B)' (second 
stage of polymerization). The composition of the gas phase at the top of the autoclave is determined by gas 
chromatography. I * ■ r r- 

The polymerization conditions are set forth in Table 2A, while the results of the polymerization tests are 

75 shown In Table 2B. 

The molar percentages of hydrogen reported in Table 2A relate to the gas^phase at the. top of the 
autoclave; the results in Table 2B were obtained with the same methods used 'fot* v the products' of Examples 
1 and 2, the difference being that, the MTT test was carried out at a stretch ratio of 200. . ...... 

20 Note ^. „ . . , 

For the preceding Example? 1-4, the MIL and fo] values for fraction (B) have been calculated by using 
the following relations: 

25 log MIL (A + B) = <fr A log MIL (AJ + ^slog MIL (B) 
M (A+B) = * A hlw + fe M(B) 

where 

MIL (A) = MIL of fraction (A) 
30 MIL (B) = MIL of fraction (B) 

MIL (A + B) = NIL of the sum of fractions (A) and (B). 
The same goes for fo] 

weight of fraction (A) 

35 0 A= _ 

weight of thej sum of fractions (A) and (B) 

weight of fraction (B) 

0 B= t 

40 weight of the sum of fractions (A) and (B) 
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TABLE 2A 



EXAMPLE 



FIRST POLy?^^Sfe2ATtOK'" , STAG^ 



■*C ftps ;f ^-.r 



TO 



Pressure.. -atin^ 5 : ;v 

: *. - 1 4 n". ic c^. b^uc-. :.■» 
'-Time,,.rmilV. i^tns, -c r-: - 

K 2 f % in moles 



75 



20 



25 



0 



r. *«,: c-r ?r.\ £ <-i s 



Temperature , 



Pressure, a tin 

Time 1 , miri. ^ : 
H 2 / % in moles 



63 

35.7 

ISO 

18.1 



r CI 



70 " 

29 „ 5 ' 

3%. 0 - 

- r -,' ^ r 



4,.v 



63 

35.8^ 

70 - - ; 



18.1 



30 



(A) li,/ 



35 



40 



1 aoL2D&<x'± 



45 



50 



55 
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-TABLTf - 2B 



EXAMPLE 



70 - 



15 



20 



25 



30 



35 



40 



FIRST POLYMERI2ATION STAGE 

JiIL,._g/10 min. . . _ 

. tn ] , di/gr * ' ' : :: ' : : ; ; 

Tpiymer produced/ ^% . toy .'*£eight^ ; '/. " 
SECOND .^LVMEiaZA^bK STAGE ' ; 

MIL, g/10 min. 

In y, ai/g - - - <• - r* • , 

Polymer produced, % by weiglit 
CHARACTERIZATION OF TF^ TT^Tj POLYMER 
Insoluble in xylene, % by * **** 
MIL, g/10 min..: 

.Cn-3^dl/g . - 

Floxural modulus, MPa 

Stress at yield, MPa * ; 

Stress at break, IIP a 

Izod, J/m 

HDT, °C 

MW/Mn 

MTT, g 

3 OA/:-. 



7,97 

2G1 
0 /57 
87.3 

97.9 
33.8 

2580 
-41.4 
40.3 
16.3 
134 
22.4 
1.39 



7 . 93 

•2*8; 6/:. 

236 1 

□ ;7i; 

7". f 4 

97.2 
3,2 
2.78 
23 50 
3<J * 
33. 3 
16 
"120 
21.9 
3.18 



45 The following examples were conducted in order to verify the properties of the polymers with a wide 
MWD and high MIL that can be obtained with catalysts based unsupported TiClSV* * 

COMPARATIVE EXAMPLES 1 and 2 * > £ ■ - 

so Preparation of the catalyst component * " v 

In a 500 ml flask equipped with mechanical agitator;- cooling device, drip funnei, and feed valve for the 
nitrogen, are introduced in order 100 ml of n-heptane and 25.5 ml of TiCU. The temperature of the solution 
is brought to 10°C by way of a water and ice bath, and then 117 ml of an AfeEfcCb solution at 30.5% by 
55 weight is introduced dropwise in 60 minutes, always at 10°C and under moderate agitation. It is allowed to 
agitate at 10°C for 3 hours and 30 minutes, then the reaction mass is brought to 80°C for 1 hour. The solid 
thus formed is allowed to settle, the diluent is eliminated by way of filtration, and the precipitate is washed 
five times with 125 ml of n-heptane each time. Afterwards, one Introduces into the flask. In order and at 
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room temperature. 1 25 ml of n-heptane. 8 ml of TiCU and 30 g of n-butyl ether. The content is brought to 
90°C for two hours under moderat agitation^ thQ-s&Sve'nt is eliminated by way of filtration, and th 
precipitate is -washed 5 times withj.25 ml. of n-heptane .each jjm&JTrie.solid jsjte at 
40°C. ' ~- 
s -All op rations-take place in a ..dry. nitrogen atmosphere^ ... « . . . _ 

Polymerization ^- - ~ . * ? .. . a ... , .*...-.„• 

In a 2.5 liter stainless steel autoclave equipped with a magnetically operated blade agitator and a 
70 water/steam temperature regulating, jacket are introduced 900 ml of anhydrous hexane in propylene flow. 
The temperature of the autodave is brought to 40°C and the catalyst component prepared as described 
above, is introduced (0.5 g ca.) together with 1.5 g of Ajpt^CU.and^thg, proper amount of methyl, p-toiuate 
(MPT) ( all of which are precontacted for 10 minutes in 50 mf ol hexane at room temperature. Pressure and 
temperature of the reaction are then brought to the desiredyaJpes iij. abpyt,5 minutes, The polymerization is 
75 carried out in two stages, the first in the absence of and the" second In trie 4 presence of the proper quantity 
of hydrogen. ^ * , . , t -. v , * , 

Polymerization conditions and characterization of the polymers obtained are reported respectively in 
Tabid 1 3A and Table 3B. The results in Table 3B were obtained with the methods previously described. In 
this case the test pieces have been obtained by compression molding, operating at a temperature of 200°C, 
20 and a pressure of 35 atm. J rip * a u ±d 7 : ;s „v "c. 

In particular, the negative results in Table 3B for the yield stress test (the sample breaks), show that the 
polymers of Comparative Examples 1 and' 2. aravdry bM!£OT„ SlfC* «I\> n . v;T '^~K&?; , 



TAX L 3A 



COMPARATIVE EXAMPLE 1 2 

— iLsJL L ; 

y' 



FIRST POLYMERIZATION STAGE £rK L ^ Cvi , ^ 

Temperature, °C . , 7$ !A - , 5 e 79^ 

35 Pressure, atm - - 6 , r v i 6*.- 

Time, min. * * r 15 X5 rsr 



SECOND POLYMERIZATION STAGE 



Temperature, °C 70 70 

Pressure, atm-;. ; ^ <; . 0 .^.^ ^rv-^v?.?,^,.^ • ? • 7-HBv 

Time, min. ■ : .2B5 t .. ... 28;p.y 

Hp, ml 25J5LO , . . , . 2500 

! ; ^ ^ r r *j" ; " ^is L>~- * K *^ V.-i V( J 1 

: ■-. »r-^w, r../: > * * . .r. i \, .\t* : . • • - v> 

*-": ** i - i . v.' * : • * - ■ ^c^'Si sr ??r: : ,* 
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TABLE 38 



10 



15 



COMPARATIVE EXAMPLE 


1 


2 


CHARACTERIZATION OF THE TOTAL POLYMER 






Insoluble in xylene, % by weight 


96.9 


97.0 


MIL, g/10 min. 


6.9 


6.6 


M. <wg 


2.09 


2.23 


Stress at yield, MPa 


• 


• 


Stress at break, MPa 


32.5 


33.8 


Mw/Mn 


24.4 


37.3 


The sample breaks 



20 



COMPARATIVE EXAMPLE 3 

As a way of comparison, a conventional polypropylene Moplen Z 29 S, marketed by Himont Italia S.r.L, 
having a fraction insoluble in xylene of 97, MIL of 27 grtO min., and Mw/Mn of 5.1 has been subjected to 
the MTT test (with a stretch ratio of 100). The MTT value was 0.15 g. 

Claims 



25 



30 



Crystalline polymers and copolymers of propylene having total MIL values >2 g/10 minutes, total fa] 
values in tetrahydronaphthalene at 1 35°C £ 2.8 dl/g. Mw/Mn values > 20, a content of fraction insoluble 
in xylene at 25°C* 94, and comprising from 10 to 60% by weight of a fraction (A) having fa] 2 2.6; said 
polymers and copolymers having flexural modulus values from 1600 to 2700 MPa, Izod at 23°C from 
15 to 100 J/m, yield stress from 35 to 45 MPa. 

Polymers and copolymers of claim 1 , comprising from 40 to 90% by weight of a fraction (B) having MIL 
2 50 and fa] S 1.2. 



35 



4. 



Polymers and copolymers of claim 1 , selected from the group consisting of isotactic or mainly isotactic 
homopolymers of the propylene, and copolymers of propylene with ethylene and/or superior a-olefins. 

Polymers and copolymers of claim 1, containing from 0.05 to 2% by weight of a nucleating agent with 
respect to the weight of said polymers and copolymers. 
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5. Polymers and copolymers of claim 1 , containing from 2 to 50% by weight of an olefinic elastomer with 
respect to the weight of said polymers and copolymers. 

6. Process for the preparation of polymers and copolymers of claim 2 f comprising the polymerization of 
the monomers in the presence of a catalyst obtained by contacting: 

a) a solid catalyst component comprising a titanium compound having at least one titanium-halogen 
bond, and an electron-donor compound, both supported on a magnesium halide in active form; 

b) an Al-alkyl compound; 

c) an external electron-donor compound selected from the silanes containing at least one cyclopen- 
tyl group bonded to the silicon, and one or more -OR groups, also bonded to the silicon atom, where 
R is a C1-C18 alkyl. C 3 -C 18 cycloalkyl, Ce-Cia aryl, or C7-C18 aralkyl radical; 

in which process the polimerization is carried out in at least two stages, preparing fractions (A) and (B) 
in separate and consecutive stages, and operating in each stage in the presence of the polymer and 
the catalyst coming from the preceding stage. 

7. Process of claim 6, where fractions (A) and (B) are both prepared in gas phase. 
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